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Increased cyclic AMP-phosphodlesterese activity in 
peripheral blood leukocytes is associated with the 
immune and inflammatory hyperreactivity that: char- 
acteriaes atopic dermatitis. Atopic phosphodiesterase 
has high sensitivity to a variety of enzyme inhibitors, 
suggesting ass Increased therapeutic advantage. The 
objective of this study was to use fit vitre assays to 
Identify a potent phosphodiesterase inhibitor and 
then to investigate its effectiveness m treating atopic 
dermatitis. 

Leukocyte enzyme activity was measured by ra- 
dioenzyme assay, whereas prostaglandin Eg and i»- 
terlenkins 10 (IL~10) and 4 (IL-4) were measured m 
24-h culture supematants of mononuclear leukocytes 
by Immunoassays. The effect of a topical phosphodi- 
esterase inhibitor on atopic dermatitis leslonai skin 
was assessed by double-blind) paired comparisons of 
active drug and placebo ointments applied to sytn- 
metrteally involved, sites over a 2&-d period. 



Using in vitra assays, we demonstrated the ability of 
selective bigb-poteucy phosphodiesterase inhibitors 
to reduce prostaglandin B,, 1L-I0. and. JI.-4 produc- 
tion m atopic mononuclear leukocyte cultures. W« 
selected the Type 4 phosphodiesterase inhibitor, 
CP80,633, based «» Its inhibitory potency, for clinical 
testing by topical, bilateral paired comparisons in 20 
patients with atopic dermatitis and demonstrated 
significant reductions of all inflammatory parame- 
ters. 

Phosphodiesterase inhibitors modulate several 
pathways contributing to the exaggerated immune 
and inflammatory responses, which characterise 
atopic dermatitis. This j« vim demonstration of anti- 
miiantnaatory efficacy may provide a useful alterna- 
tive to the over-reliance on corticosteroid therapy in 
atopic disease. Key words: P.DBIlL'4lfL'tllhttmmcyti!s. 
j invest Dermatol t»H 




ycire .toieleotide phosphodiesterases comprise a fam- 
ily of isoenzymes that hydtolyre the J',? '-cyclic, 
nucleotides to fS'-nucleocide monophosphates 
(beavo, ( *>88). 'W« have been particularly inter- 
ested its cAMP phosphodiesterase (PDE), because of 
the .increased cAM.P liydrolytic activity in itrukocyt.es from patients 
with atopic dermatitis (AD), asthma, and allergic rhinitis (Ore we c; 
nl, 19B2}. These diseases represent a symptom eouipiex character- 
iit.ed by him»uno'o}$!e hyperreactivity and by Inappropriate ioihim- 
tnatory coJl mriltnttion into skin and respiratory tissues. The 
abnormal X'DB activity correlates with leukocyte fonctionai de&cis 
including basophil histamine hyper-reieasibiiiiy (Butler <?t a.>, 
arid increased B-Jyosphocyte IgE production (Cooper ft <ffi 1985), 
both of which art- wnrmalhsed by in vinv incubation with the? PDE 
inhibitor (PDE-i). Sh 20-1724. 
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Abbreviations; PDE. pb.««pbedii'stt'}:ave; AO, atopic devntaekts; Piyfi-j, 
phosphodiesterase inhibitor; MNIU tmsnoouclear katfcweyr.es; PISS, fecal 
bovine serum; tFN~y, interferon-^; Th) , Type J. T helper cells; Th2, Type 
2 T beiper ceHs; ISUSA. ettsyrue-l'nkcd immunosorbent assay. 



Phosphodiesterases have l«, recent y ears been classified into seven 
families (types 1~VU or, by genome tsmwtioksgy, M,>«'1~7) accord- 
ing to a number of characteristics including sensitivity to iahibitors 
{Beavo, 1990). In previous studies, sve found evidence that the 
more active PDE4 in atopic ieakocytes bad increased sensitivity to 
inhibition by Ro 20-1724 and other sgents (Giuscioe et *i, 19845. 
Chan and llaoifsn, 1995), compared toPDK in nanual kmkocytes. 
We have utihred titis technique to .iSsSay the poieney' of t*D.b<l 
inhibitors, comparing effects on PDE activity in atopic and norma! 
»K»m.n>oc.h»ar hokocytcs (MNi.) (<3ta» and Banifm, 1993). i'a this 
study, sve corttioctijd an in »«>n> survey of several compounds shown 
to he potent i»DE4 iohibitors. Antoo" these, we ibitwd thai two 
cnantiosne.es, CW>.o33 (t ohan et ni. i < J <,r i> and t^P102.n*5, and the 
(atvnt.itr. <;;P?b.593, bad the highest potency in eoinparlson to 
other agents. Consistent with past studies (Ginsiina et ;:! ', IV$4; 
Chan a»d Hanithi, )'.'93). tht<se con.tpon.Oils sin>sved a gtcatci" 
relative spetihdty for the atopic compared «> the uomtai MJH 
hoetjaytnc. These techniques appear to provide a relevant i»t mtt» 
system lor pnid'.'.hf.i; the Citftapetut eiticaty ft each new i'D... i m 
the vnavmgcjncnt. of AD, asthms, acid other indannnatory diseases. 
Focusing tm the higher potency initibttors of PDE. sve assayed the 
effectiveness of new eor«»o«»»ds on eicosanoid and cs'tokhte .pro- 
duction tn Ptfro, We then earned ont a donble-bliad. vebtcie- 
conrroiied, pa»red~compadson study to assess the safety and efficacy 
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of one of die ihjvv compounds when applied topically for treatment 
of AD. Our stmfe demoHsir>tfo that these. i-T>E ssiMbitors modulate 
rnoktple kiiRfas and frtrlatiiniatory pathways and signifk.andy 
reduce ssijtis and sytapwittis of atopic inf!a.trijnatsijn. 

MATERIALS AND METHODS 

RTM1-1640 nsedhini. Gey's balanced Hs-.it. sohnion, fete) bovine serimi 
(HIS), i«fu*»»itei*M«. .Hanks* balanced salt smutfem, Hanks' calcium/ 
»»»^»m»-ft*e balanced salt soisstioo; Gifesxt (Great! Isiajui NY). S*« 
NuctartidMft, (AMP, unida*.>U\ and wake venom (3' -jmoteoridase); Sigma 
Chemical Co.. St. Louts. MO. Hepsspte-Fieolk 'WwrawKk. Piscataway, NJ. 
[Tf|eA,MP f3e O/tnrodt); New England NVka-, flrrsojo. MA. ton ex- 
change reda AG1X2 (200~4od im'sb): f.ho-Rad, Rkhmond. CA. "Ready-- 
Sojv" selntiiiatfon fluid: tteckmtui, Ss« j«Se, CA. Aoe-Cm {GRT3); Ortho 
Piiigonstscs, 'Railway. NJ. Ro 2h-i 72 f was a gift ftom Hoffmann f.aRoi.be, 
Mtttfey, Nj< CP?6,593 and its resolved eoantiornet;-.. CPSn.fwi (Cohan o ai, 
ivTa! and Cri 02,'j ! >:>, wete received from Centra! Research Division, 
ifizei hie... Groton, CT. 

Sunjeets Ail subjects gas-.: informed consent approved fay the institutional 
l:!ot«afs Research Cotretuktee. for leukocyte stpdiss, venous blood was 
drawn At isipO a.m.. w»d intojedisteiy mixed with heparin (10 units/mf; for 
further processing:. Normal, healthy subjects had m personal history of 
asthma, allergic rfainkh. or AO. P»tsct»« with acdve AO were chosen 
according to tveU-dettned criteria {Haniiih and Rtyfca, (380) ami Mood 
donors imi modem? to wwe dMnavc. Blood donors' ages ranged from 2a 
to 32 years (<> mains ami 1 I fWo3lcs) for norma! subjects and 3<>'«> SO years 
for AD subjects (tO .mates sod «S females); Individual ex}»fii«e*«s were not 
precisely age- and .puter-avttdwd, because fenfcoeyfes were used in 
earions assavi on any given iky. Subjects for ths clinical trial barf Jcssoos ntft 
exceeding $m of total body suites area. No donors bad received 
antihistamine -or topical tx^dimsreroitl therapy for at (east <R> fa pi fer w 
SOuiy, and noite hati (j«;< : i systeioif.' aiireoejgfe, PJ>C jjunhKors, or eorneo- 
jtepoit! ioedi'-'atkios for as least i mo, N« eaifctno or other trietbyl-omthitie-- 
eonWktmg beverages v>- ere Cottsamed wittun :! 4 h prior to k»koeyfe stoihe*. 

Celt Rreparaltojis Biood was seamed by Hvpanne-ficoU giaoir?iit 
etJi)tri&ssaf.io<! at 4M) X g fi> r .Vi on, a«a MNL were iwrvosted ftam rite 
ioteiphase of plasma smi separation fluid (Chan ami 1-ia.mfin. 1 W), Die 
cells were washed three «««es with sa.line ««l spno at 400, 300, and 250 -X 
* «Hi«eorial!y to eihnlnate piarefet eontomination. Mki. were barvesteci aori 
r.O(H.aed nsine; a Gouttet counter. fHtlefeotiai-lyiMpbocyie a»d -mouor.yte 
qnsntitBtlofSS ttdiktftl GS<;«)sa Mid arid ttaphthyl acetate esreraw sfaiiw md 
iates, head i*iigoe*«e itigestion. Those tmancitaiWBs were mimitored i» ail 
jw epamiions aotl showed no dMfertwxt bettveeti AO and normal subjects i» 
terms ot percentages of monocytes ami iyrsiplioeyte*. MNI, were eithet 
ifee^e-tiissved three times in an acetone-dry tee bark, and die ftutnogottaies 
were stored at -WC noti! assayed for horaogenate l' J (>E sf.fivtty, or 
cohered as described below. To obtain monocytes. MNI, a». A * Uf 
ce!is/»(.l were allowed to adhere in a tf>. ■< W>-mm petri dish for at least 
2 h at 3?*C i» RPMI-lott) i 1054. l*BS, "Die nonadherem ce«!t were 
decanted »«d washed three tones with wajoj Guy's b*imc«A salt soJnrion. 
The adhetent toostOfXtes were teeocered fay scraping with a sterile rubber 
poiieetnan. The MNt. eowpositttnis, deterrmtted hy Stat Stain (Voln-Sof; 
Logos Scicotiiic, fiefsdetson, NV), contained lO—Kifii roonocytes, 60-70% 
lytHpixseytes, «2% poiyniorphtmucieat ieukoeytes, and platelets, Tlte 
BOnadher.enf ceils v.-e>\- >>;>,•:,);>• :>■)?.% CD3 ' ' iyrophofyfes. Cell ctahihty, 
toimhoted by trypan blue s«cUssjo» test, was always >S>s%. Monoeyre 
purity tj> the adherent cell prejjaruissins, v«»{irosvd by ,a >,■ tiapi.tfjvt .ars.t'c 
esterase arid factor X!U tiwmrrjoperosidase stektihg, was 

for i'Cff. production, mottorytes (2 >; 10*/wi> wove incohared in 
FBS, Per if-4 i>r,-.aineoo». MNt (2 X lo'Vmi) were 
incnivtted i« RMl^W PBS with 10 mt/rrd anti-C»3 (Cisao ef ai, 
l«j. After 24 it, «tpetf»at«.«nt were harvested isy P eiteii»g ceSls at 7t)i) X 

i*0E lobihifioa/Asstty Homogeniretl leufceeyte preparations were kept 
at 4"C, and vsriinis i'Uf. iiihihitots >.\ • • <• immetiiareiy added. All isdiiijitors 
ssere dissolved in S0% ethanrjj at a eortcemrat.ion of W* >M, tften further 
diietsd in Gov's balanced s*h. solotton to appropriate eofjeetttrstions, f ; or tlte 
0e:e: ;::i>--v"to:- (i W: ' to fO ' Vf tfoai re:.-: '.-:!t.j .:• -c-. .:; ..i.if.itors Or 

omroi bidfci were used. Tint mi.vmres svere then iricobaterf at :3T : C for W) 
tttio. i-'J ''">' actiysttes ts-eo; dctermtrjed in rite presence of the mhibstors or io 
eontroS fanffers to ill experiments. Ro 20-1 724 svas nsed a», » refWet?« 
r.ontpoiittd ior cottiparisos! of inhibitor efiects in aft studies. MaxunhTi! 
Ktiijhktoit for each softtposind was determined by ::u>vo -fiftiiie. svirfi a 



compote progfant, and the conccntrarion rrjchtg Sri% of -maximum iithihi- 
rioa veas teeorsied as iC. ;K , 

PDEwas assayed using a modified merited of Thompson <x d ('i <f ''"0). '.fhs 
htettfeltioo n*:: >::t:r ,• {0:4 mi) coritained S n:Vt > AMI-', ShO^jdO cpto of 
{'HJeAMP, and 0.2 or; of sample {]»' eetls/ttt!) or standard »>!>{• m 4i) wM 
Tris-Cf intffer foi-i S.h) contaioitstt 3.75 mM ^•■ttiereapojethariol a.ttd tS sxM 
ivtsiCh. Aftec tecobarfon at 3t'f G for i 0 min. die reaction was terminatstd by 
snap~ireeifijtg in ethatjol-tlry ice bath ijttd tite ritixtisre yeas thco boiled ior i 
mm. Fttrified S'-Boeleotidase was added us the ntt.sotres, whicb sverc ifscn 
feriiier incubated ibr 1J1 ruin at 30 C and then sratisferred to Pas tear pipette 
columns containing toil exchange resin AG1X2 to remove rite tevu.iinitiij 
nocJeothies aod ntsr.lersf.sdes. The radioactivity Its the cktioes was tjuattritatcd 
in sehittilariott tfuid. Enzyme activity was expressed as pitorijoles tsf cAMf 
kydroiysed per ( ttg of prnteio. Protein concentration was determined by an 
assay using Rio-Rad prrstetn dye. A staiidard Pl>f; front bocine heart was 
used to inrmif rsr eoitsisteney and recovers- in each assav t'Chari and Hantftn. 

vm). 

Jrnvrornoassays i-'fostagtaiuittt f , (FGE.) teas assayed he radioinstnofso- 
assay as previmtsly descrihed t'Citatt « nl, i'Da). sisini; culture snpematants 
conrahung O.ftS oiM indomerftacitt as blank, fad': . antisera were produced 
its rabbits accoo-iing to the method of jaffe and fachrmari (074), S'GE; was 
ertiyngatcd to porcine tbytoidobirihi by the mi>;ed anhydride method before 
immtowaoon of tite rabbits. At a dduOcas of DhfiOij, rite KSE, aittisettatt 
had a sensttivify of it) pg'0.1 tttf of sanipie and rite tollooitt;; cross- 
reactivities at B/»„ 30% were- POD,. ti,H<;;. ; f'Gf,.,.. i%; PGP,,',', 0,3'is.; 
POE., 9.3%; ti-keto-ffii-,,,. 2,2%; itsid 6--keto-d'Gh !> 2%, as previously 
reported (Gets-der «f is/, I'JS'ft. 

Qiiaistitative deternsmatiott of human if-t Was performed using eriiryme- 
iiitfeed «n.mittussorixatt- assay iJ;J..lS.A) kits (R St D Systems, .MintteafioJis, 
Mht) with ittodiftcation to increase sensitivity (U o «i ( :( ! .*yj). The practical 
sensitivity of the assay was S pg/rnf In order to measure below S pg/t»l, the 
t'XSSA prncedurc was modified, according to twamthietttrer's tristrucftotts, 
hy vAtcttsiirtg the color development time at lew coiicetttratioiiS tiom !5 tss 
43 mm to generate a linear scale between 0 and 3 pg/ttd. A h«r»3» ft.-)f 
£i,lSA kit teas also nsed to determine if-iO conceistrations. The lower littiii 
of defection was 7.8 pg.''m! for nhdiUited tnoiioeyte cuiwittt swpetoatants: 
WAi- itthibitors did not itftedere with the U..»:ih standard einyes. 

Topical Tfaerajjy 'f'scenty padettts with AO (12 males and 9 females) 
aged til to 30 years were ehrohed in tite stndy io dcteottine otBeitey oi 
ttspicai Cl^o.oao oimment for ocattm ^tr of skin ioflatnrnatiori. fittciusions 
incittded females with chtldfacaring potential:, pregnant or nursing women.; 
anrl patients who required atty medication that ntigki. interact wish or : 
obscure treaiinenr effects iiickuhiijt the use of oral dieophyllhse dctivstiv-s 
oral, parenteral, or re'sjdeally applied eorticosterOirfs. attd MS or if?, :tiitihis- : 
tatnines. Patients had ro be in good health with normal laboratory param- 
eter* and ek'ctrncardiogtams. 

Tin? study design was a right/left pairefi-coniparison. study its compare the 
efficacy of topically applied Cl > Sio,t.:33 (0.5%) ointtttent twice daily for 3d A 
with its petrolatmn eeftic.ie on itiff-cnf' lesionai areas. Active drug and 
s-ehioie were assissned hy side in a randomised, dnnhlc-blittd fasbtfiJt- 
f'aoeiits wertf nektd for the presence m'sytninctr-iCsHy SncoJved adatono- 
icai rites ori dte right and left sides excluding rite Stands, feet, and face/: 
Grading each of three trrtlamrriatory parameters erythema: tii) iodura- 
rioct/papnlatioti; (iii) excor.tatioirj tiriltaed a scale froto 0 to 3 {! -■ mild, -2 r - 
tnoderatc, 3 --, severe, with, half steps! and baseline scores were reotiired uv 
be at least o of the possible 9 for the total (.finical, score. The subjective itch 
seore was likewise graded on a scale of f>~3. After physical examination.; 
blood chemistries [alkaline phosphatase, alasiine and aspartate .or-.:: s- (trans- 
ferase (ALT and AST), Na' ! , k*. CI", glucose, ttric acid, falood urea 
nitrogen, creatirdne, arid total btlirnbinj, urinalysis and hematology- ieom- 
plete blood count with dificretitiai) were obtained from venous hlood. 
Study drug was applied twice daily for 2d d of treatment. Overall eiikaey 
assessments were made at days 3, 7. 14. 21. and 2S to grade itn pr Ovei ttevtt 
or worsening of inflammatory signs, determined by comparing to baseline 
scores the specific parameters and the total conical scisre. Repeat lahfjjatorv 
evaluations were performed at days 7. 14, and 28 tw at flic time of carle 
disfos:timiar.ioo. Eieetoseardiogrant was repeated at tire cod of study. 

Statisticaii Attitiysj.* Eor fii i'xro studies comparing IC^, cables of lT>h 
and lf-4 prtsditvitou So euitttrcs. Student's f fi.-st ssas used, whereas 
Mann-W'lnfney tto«|.tatametrsr: analysis was used in cotntraring effects of 
POls inhibitors em TGf :- and lh-50 prodttcttoir Da cfSfdeai studies, individ- 
ual parameter scores arid the ststi: of scores were compared for active attd 
pfacehsi-tteared sites. The score at cadi time point seas subtracted imm the 
baseline -.core and this change seas analysed using two-sided t rests, 
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Table I. Comparison of 50% Inhibition Concentrations 

(SC ao ) Against Phosphodiesterase Activity in 
Hoffl.ngensstes oi Mononuclear Leukocytes renin Patients 
with Atopic Dermatitis (AD) and from Normal Subjects" 
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employing a level of siprMUr.ansx <p < tM>S) u> r*n the alternative 
bypoihirsis that the mean paired diilerewir is not equal to sreto. 

RESULTS 

taresster Type 4 Inhibition of Atopic VjyjS. Our first objective 
was to compare potencies of newer Type; 4 inhibitors with presently 
available agents on P0& activity in MNL iwutogeoates. We initially 
determined -mean iC s( , values of 1»DB inhibition in MNL homoge- 
nates by fhe racenue mixtures CF7(S,393. for baits norma! ami AD 
groups (Table i), and compared these iati)n iC 5; , values from AD 
and normal groups with those of pemo.yyiyiSrae. rolipram, theoph- 
ylline, and R.o 20-1724. Results showed ibar CP?6,593, which was 
slisjbdy less potent than Re 20-1724, was more active against the 
AD isozyme than the other inhibitors, Bach of these compounds 
had Jess potency against Cite normal isozyme, consistent with out 
previous findings {Giusfiua m ni, 1984; Chan ami Hanifm, 1993). 

'We then compared pure euanfiomers {-> ) 0*80,633 and ! '■-} 
CP102.99S, with (±) CP7R 593 smd found that CP80 t 633 was 2\~ 
and 59-fold mwre .inhibitory than either 0*76,593 <p < 0,01) or 
CP192,99S (p : - 0.00$), respectively, against the WMS in MNl 
from patients with AD (Tabic I). <3*80<633 was also sijmificandy 
jnore atrdvc titan Ro 20- S 724 (p < 0.00 1). Because the foeus of nut 
studies was AD intiatmnation, pure euantiomers were not tested on 
tsonviai ceiis. 

F0h Ijthibkors Reduce Atopic Monocyte PGKU and IL-18 
i'rothsetiuo We recently reported inereased spowaneoos I'GEj 
(C3«m tff, 1.993) and li..-1n fOinnett a til, IV93) prothnoovs by 
cultured monocytes Iront patients with AD. We found thai these 
increases corresponded with elevated PDE activity and hypothesize 
chat ibis results in inadequate cAMP modaiarinn of monocyte 
jnneiion «xi»au cf <rf, IW). To evaluate the effect, of PDE 
inirihit.ojs, FCifL levels were measured by radioimmunoassay in 
24-1) cukttrc supt-rtiatants from monocytes treated with 0*80,633 
((!.! itM) or Ro 20-1724 (I ftM). eomparing AD and not-mai 
preparations. The concentrations of the inhibitors used were chosen 
for their respective maximal effects, as detenumed by dose-re- 
sponse curves. Untreated control cultures confirmed previous 
•findings of markedly elevated mean i'GE, levels in A:D prepararious 
(562 :;; 107 imsus 89 ± 27 for nonnals, mean ± SEM p «= O.OiBts; 
Esg 1), Both CPSO,tj33 and Ro 20-1724 caused significant: reduc- 
tsOTJS in P<>E, supernatant levels in AD eotnpaved to the uncreated 
control enbun; (o ■■■■■■ 4-8), Ro 2*1-5 724 did net aiiect PGE. 
pro tits eiiou its nornsal ceil cultntes. This was consistent with, the 
reduced enxynte inhibition «t> normal cells (Table 1> and with 
previous fntdings of increased inbibhor sensitivity of atopic PDE 
f'Giusrina a a/, 1984 ; CMn and Hanitin. 1993). rite PGISj. changes 



Virata f - JVtstcagiiindsn K; levels in mtMaeeyte e 
tattt*. Pro.«;«;i3«d)H E-. (ttG&& levels (pg/nt?, mea« £ 
iated culmre "supernatant* iVosri atopic rSersnfltitis <A»}' a 
eytes cultured for 2-S h wttit media alone (Oh Ko 20-t ? 
CPSO.ti^S {0.1 /nVl, li; not dene in nuntuh). *j» O.iX! 



in Ro 30-1724 and CPflO,633~rreated AD cel.! ctilttwes were 
significant (p < 0.001 ami < 0.001, respecfiveiy) by Mann- 
Whitney. 

We also compamd Ro 20-1724 and C:P80.633 inhibition of AD 
monocyte ti,-i0 produtrdon in a dose-response experiment {Hg 2). 
'The concentratiov! of* CPo(!,fi33 required for §0% inhibition of 
ff.-10 (IC WI ) was 2,2 nM, bdicatntg a 1 000~ii>ld greater potency 
than Ro 20-1724 {lC : - } „ ™ 2,5 05) in reducing production of this 
cyfoSdne {p < (1.001 . by Mann-Whitney test). Initial expttrimenta 
using the usual U) ' M CPSO.t'i33 concentration shosved 94% and 
500% inlhlntioit ot spontauemts SL-.IO production in normal (n -' 2) 
and AD (n •- 4) monocyte cultures, respectively. Mean spoi.ttane- 
ous 51.-1 0 production in these studies by normal monocytes w as f>?& 
± 1.18 pg/nil. (n Ki 2) and 1962 ± 27t> pg/nd (n 5) by AD 
inonocyttfs. 
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pi^ure 2, Dose effect nt'PDS; itsisshnocs »» nnmoayte It- SO pre- 
dstetioK. Oose-teJated iahibiaoti t»f spenianeens ateeic sjustsocyte 11.-10 
ptednction by Ro 20-5724 (t>) and CPSt>,a:5S (H). SpeataJteoHs 0.-10 
prsufacuoij f<:« this dunnt was 253i! pg/nst. 
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Reduced II.-4 Production We previously noted an inverse 
reistiooship betwwn elevated V\)B activity and reduced hn.ef.fer~ 
<m~y ()i v N- y> J<;v«ls in atopic MNL (Chun « >»*> t9<>3) and reasoned 
that increased 0,-4 preelection might likewise relate to abnormal 
FOE activity. We assessed die effect of PDE inhibitors on IL4 
production detemnnnd by BL1SA from sapeoiativuts of a«ri-CD3- 
sdinulated AD and normal 24-b MNL cultures, with and without 
POP inhibitors. As can be seen in Table H. both Ro 20-1724 (J 
#M) and CPfSO.fo.s (OA uM) earned B- ami 18-fold reductions, 
respectively. »« AD supernatant: concentrations. These inhibitors 
had mo effect on normal l'L-1 supernatant Itsveis. 

Topical CP$0>633 m as* Ami-Inflammatory Agent Uased <*» 
its demonstrated PDK inhibitory potency, 0 > $Wj,633 w« selected 
tor clinical testing. Twenty patients with AD were enrolled in a 
ditties! trial to assess the efficacy and safety «f?CP80,b33. Symmet- 
deal, moderately involved areas of up to 2.00 an* on each of die 
tight and left sides were selected for assessment of active iw« 
placebo therapy. The baseline: mean total scores at bilateral sites 
svero comparable (5.20 0,22 vmm 5,33 04V, p » 0.27). 
Eiitoaey evsii nations were .recorded at days X, 7, 14. 21, and 2S 
during therapy, irtilatumation was quanutaied by the same observer 
gratijng eryri'iettsa, indnoukm/papttlauon, and excoriation on a 
scale front 0 to 3 {none, mild, moderate, or severe), Baseline settees 
compared with those at day 28 showed significant improvement, on 
Sites receiving with mean reductions m erythema (p — 

0,004), Snthtraticm (p < O.Obt), and excoriations {$» : «- 0.046), t:be 
latter serving as ats nbjeed ve indicntor of ptojitns. l-'adents were also 
asked to estimate the level of itching at cacls visit, and their 
subjective 'responses likewise snowed significant- improvement on 
active compared to placebo-treated sites (p ~ 0.002), The response 
to arrive drug was consistent among the subjects, with art improve- 
mem in total clinical score observed in to of 211 CP80,633-t.reste<.l 
sites (P% 3), graded at the last assessment, compared to only three 
of 20 placebo-treated sites (inean SO 1 .40 i: 1.76 and - 0.65 ± 
!.4«. respeedvely; p < 0,001). 

Figns-e 4 shows the mean change from baseline of the total 
dinieal seores (en'tbeina 4- induration 4- excoriation) of active and 
placebo-treated sites over die course of the study. ?V5ean baselme 
scores Were similar for vehicle and CP80,633-tre»ted sites. Signif- 
ieaniiy reduced iotiaunnation was evident, as early as day 3 and 
condoned r.bronghostt the dxerapy phase for actively' treated sites, 
which demonstrated significantly greater improvement than pla- 
cebo sites at. each time point. Beeattse we had. previonsiy detected 
m viiri) evidence of tachyphylaxis among asthmatic patients treated 
with theophylline long-term (Oitisitna « id, lt>84) we -were inter- 
estesl in whether this mighr occur with, topical CP80,633 therapy; 
however, improvement- continued throughout the 4-yvfc course of 
treatmett! wttis aetsve drng. 

Adverse events indistinguishable fro.m manifestations of AD 
{itching, burning, folhcuiids) were noted as single event's mi nine 
placebo- and nine vehicle-treated sites, and 16 of these 15? obser- 
vations were bilateral, in two instances, folliculitis was noted on die 
active drug-treated site and iti two other patients, bilateral fidlictt- 
litis was noted. These events are typical of AD {Dantfin and Rajka. 
toisi)) and tlse occurrence of fedlkulkis in S.3% of active site 
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I'igure 3. Clinical t ttVct of topical POi; inhibitnr, 01*80,633. Clin- 
ical elfeet (chantje tit mean lota! score of clinical parameters) of topical 
phosphodiesterase inhibitor, CI'ISO, (>.>.* . on btiaterii stcpic uVrHuitifi* ie* 
sioits. Biefi point represents tiiv dtllerence hetwc«j( totat clinical store as 
baseline ansi the score 3t ilie last observed assessment. 



observations was not ognihv.miis gte.ncr dtan the 2.V:'> th-quency 
on vehit;te~tteatetl sites. There were no drop-outs for adverse 
events and no clinieafly relevant laboratory sir electrocardiogram 
changes. IVigbt. padettts diseontmued before the end of the treat- 
ment period, all doe to flaring of dermatitis on untreated areas (no 
other therapy was allowed during the course oft.be trial). In three 
of the eight patients, dermatitis became intolerable on one side, the 
placebo-treated side - , in die other five patients, the study was 




Dsys at I>stustt«ti 

Jr"»5*Mjrt' Time-eonrse •sf et>Ai>j^c its ctirncai scores fi>r active crc^»>' 
|>laeeb»"tr«at«d atopic Uertnarttis Jcsiotis- .toHtiirxtiina! pau.:r« s>f 
elitiicai ;cst ;< ->esc ieiijrj.tcti i>y tn^ici : t^jugc {.?. St;M) Ooijj t.'.oeieiv rct.t: 
clinieal scores of topical CP8«>,<i33 (•) :'<i.<-.> pjaccbo-treatcd atopic derma- 
dtis C>) Site*. S)tpubca!»t icrcrcvY-oa-r. \v.,.s cviuonv at each uo»: poi.a ip 
s'alues iiidiccited); n - runnhct »f snhjecis fv; ; p:3;c<i ,<i traeh time point- 
ctoritig tl»>rapy (days 3-2H). 
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discontinued because of gener»l«t«d worsening- of the untreated 
de»na litis- 

DISCUSSION 

Atopic dermatitis, a chronic inflammatory skin disease, causes 
severe pruritus leading to excoriation and secondary infection. 
BeotiOHUcally, AD creates a considerable "health care burden (I.api- 
dus i'l <d, 1 993),. accounting foe %% of pediattut o«i|»atic»t visits 
(Sampson, 3 9!>fJ) and, because of 'life-Jong cutaneous hyperirritabjl- 
icy, over 80% of occupational skin disease (Sihimmes and K.«tl. 1983; 
Niisssf !-'! 1994). Therapeutic options for AD, as for allergic 
respiratory disease, ate bruited and inadequate. Giueoeortkosie- 
roids are tried altruist exclusive!}--, hut toxic effects are evident in 
mmy patients. For some very severe fuses, photoeheoHHiserapy, 
cyclosporin A, or IfN-y are used, but these are high-risk, expen- 
sive, and generally iir satisfactory modalities. Safe, effective anti- 
intlarmnatory agents for treatsfieoi of AD are perhaps the greatest 
freed and challenge in derniatofogic disease. 

Altered eyeiie nucleotide metabolism in atopic disease was 
predicted previously- by Sxeutivanyi (1968). This fed to a series of 
studies that demonstrated blunting of cAMP responses ht leuko- 
cytes of patients with AD. We showed that this defect was caused 
by high cAMP hydrolysis by PDB in atopic leukocytes iGresve « aL 
198.2; Butler <-s <ti, 198.3), The increased PDE activity was present 
evert in cord blood cells of newborns from atopic parents (I-leske! 
0 at, 1984), indicating an intrinsic, possibly genetically controlled 
abnormality. We demonstrated that the increased l-'DE correlated 
with histamine hypen-releasibilky and with elevated spontaneous 
IgE production in cultured AD leukocytes, and we showed that 
PDE inhibitors could normalise those functions (Butler ii «} f 1983: 
Cooper ef at, 1985), 

Other studies demonstrated: that the atopic isoenzymes svere 
distinctly more sensitive to each PDi>t (Grusooa it «/> I9S-1; Chars 
and Idanir'tn, 1993), suggesting that these agents have a therapeutic 
advantage; in AD, Our studies have focused . particularly on blood 
monocyte* which have a major proportion of abnormal PDE 
activity. We recently presented evidence that AD monocytes also 
have a considerable immtme modulating effect on T ceils, IPM-7 
production, which is reduced in MNL cultures, became normal or 
elevated in purified T-coll cultures, indicating a monocyte inhibi- 
tory effect on Type 1 T helper cells (Till) (('"ban et ai, 1993). Tins 
led to the demonstration of increased spontaneous production of 
PGE S (Chan a a!, and H..-30 (Dhmen « #1, 1995), both 

known suppressors of IfN-y production by Thl cells. 

These studies strongly suggest ih.st increased i-'DE activity ro- 
duces intracellular cAMP levels that, in ttttw, allow greater basal 
j-fjojioeyse secretion of 1 -coll modulators. Because of the associa- 
tion of increased PDE activity with the elevated PGR, aud il.~:U> 
production in AD monocytes, we reasoned that each Pf>E--i might 
correct these abnormalities. Comparisons in enzyme inhibition 
assays (Table 1) showed thai a new agent, GP80>633. was 50-fold 
more potent than the standard Type 4 inhibitor, Ro 20-1724, We 
found that CP80.633 had a greater inhibitory effect on PGIy> and 
J£,«1,h production by AO monocytes and on IL-4 ptodnetion in 
cultures of MNL. We cannot clearly state whether die IL-4 effect 
was indirect, by inhibiting monocyte modulating factors, or oe~ 
cOTfeti directly on Type 2 T helper (Tb.2) cells. It could also be a 
combined effect, because we have observed PDE inhibition in 
lymphocytes, though this action occurred with a specific Type III 
inhibitor, oiteiquae.onc {Chan and ftadfin, 1993), and CP80,(>33 is 
not an inhibitor of Type III PDE (Cohan et at, 1995). 

It scents reasonable to consider that: abnormal PDE isoenzymes 
underlie many of the immune and inflammatory abnormalities of 
atopic disease. We have demonstrated that inhibition of PDE 
influences a rnrinber of eeihilar and inediatOf pailovays iucinvinig 
monocyte PGE> and IE- id synthesis, and 11.-4 ovw-producrioi!. 
Because of Cl- > 8d>fi>3*s effects in. enzyme and .eyuVktne inhibition 
and other predictive assays {Cohan et at, .1995), as well as the 
distinctly higher sensitivity of AD enseyme to PDE inbihttors, we 
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tested the drug in clinical studies, coo 
with placreho ointnseot s'ehicle applies: 
lesions in 20 patients wbb AD. Resp 

statistically signfticttnt improvement within 3 ti and maintaitdrtp. 
thmnghont the 28~d trial. The dreg teeiuced hiflanmiation m 80% 
(16 of 20) treated sites, as compared to only 3 of 20 placebo sires. 
Importantly, wo irritation or ether adverse events were obscived in 
a disease notoriously subject to irritancy. 

Topical treatment is the preferred method fot urost. patients with 
AD and is an area of great steed because of the common involve- 
meni. of &e* and eyelids, thin-skimied areas in which corticoste- 
roids -may cause atrophy. Systemic use of PDE inbibhors has been 
limited by sble ett'eets, particnlarly the eoisunon nausea and vom- 
iting resulting from use of high-dose theophylline, and a parf.icniar 
problem with, newer, more potent agents (Torpby and Uiuiern. 
1001); however, this high potency compound, CPS0,d33. clearly 
reduces atopic rntfammation when applied topically on the skin. To 
date, we have noted no evidence of ontesss or other side effects with 
topical use, though considerable absorption might he expected if 
large areas of skin were treated. Our study suggests that drugs of 
this type may also have potential for treating asthma via the inhalant 
topical route , 

The clinical aoti-iiUiannrcitoi-y effectiveness by a potent Type 4 
PDE-i applied to the skin confirms predictions from w vim studies. 
This class of drugs, by increasing intracellular eAMP levels and 
reducing cytokine and mediator release, modulates exaggerated 
atopic responses by multiple immune and mSanunatory cells. Single 
pathway inhibitors may be inadequate for controlling the many 
facets of inflammatory responses, it is hoped that this in "iee 
den'KMJScraffsm of elfieaey will encourage development of useful 
alternatives to replace over-reliance ot! toxic eorticostetosds in 
atopic disease. 
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